II Chronic Obstructive Pulmonary Disease (COPD)
Definition COPD is a mixture of separate disease processes that are characterized by chronic inflammation throughout the airways, parenchyma, and pulmonary vasculature. 2 Most notably, the diseases that fall under the umbrella term of COPD are emphysema and chronic bronchitis. Specifically, emphysema is marked by alveolar wall destruction and irreversible enlargement of the air spaces distal to the terminal bronchioles; chronic bronchitis is defined as a productive cough present for 3 months in each of 2 consecutive years in the absence of other identifiable causes of excessive mucus production. Objectively, COPD is diagnosed through pulmonary function testing (spirometry). In the early stages of the disease, the forced expiratory volume (FEV 1 ), the amount of air that can be expelled from the lungs in 1 second, is <80% of that expected. In addition, a ratio of FEV 1 over forced vital capacity (FVC), or the volume of air forcibly exhaled after deep inspiration, is <70% of what is considered normal in a person at this stage. Over time, these percentages decrease as the disease progresses to more advanced stages.
Symptoms
The main symptoms of COPD are chronic cough, mucus production, and dyspnea. Even during the early stages of the disease, coughing is usually chronic and productive and tends to persist over several months and even years. Significant production of mucus (sputum) is often associated with the cough. Dyspnea, a hallmark symptom of COPD, is usually noticed first as shortness of breath on exertion. All of these symptoms are progressive.
The underlying causes of these symptoms are multifactorial. One main cause is emphysema: a progressive destruction of alveolar tissue and related vasculature, limiting the surface area for oxygen and carbon dioxide exchange, and the resulting hypoxemia produces pulmonary vasoconstriction. Fibrosis in bronchial walls and smooth muscle contraction around bronchial tubes results in airway narrowing and dyspnea. Bronchospasm, repeated smooth muscle contraction, causes the patient to cough and expel sputum. Progressive blockage of the airways by exudates and mucus also contributes to symptoms of coughing and dyspnea.
Risk Factors
The single most prevalent risk factor for COPD is cigarette smoking, 3 to the extent where smoking cessation or even a decrease in smoking can substantially reduce the risk for the development and rate of progression of COPD. 4 In addition, epidemiologic studies have implicated childhood respiratory infections as an independent risk factor for the subsequent development of persistent asthma and COPD. 5 A relatively rare genetic condition, alpha 1 antitrypsin (AAT) deficiency, is also a potential risk for pulmonary disease such as emphysema and COPD. 6, 7 Another main risk factor for developing COPD is chronic exposure to fumes, chemical substances, and dust in the workplace-usually factories. For example, inhalation of grain dust, coal, other mineral dusts, isocyanates, heavy metal adhesives, and welding fumes have been linked to COPD in mining, quarrying, construction, textile, and wood industries. 8 
II Impact of COPD
The prevalence of COPD may be much greater than published data indicate because the disease is usually not diagnosed until it is sufficiently advanced to give rise to obvious symptoms. 9 Although it has been traditionally considered a disease of the elderly, COPD definitely afflicts the working-age population as well. 10 According to the 1995 National Ambulatory Medical Care Survey, approximately 70% of COPD patients were under the age of 65 years, and they accounted for 67% of total COPD office visits and 43% of all hospitalizations. 10 Another common misconception is that COPD is uncommon in the general population.
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It is, in fact, a common chronic disease. In a survey of patients with chronic diseases, the prevalence of COPD was comparable with that of diabetes, asthma, and congestive heart failure in the 45-to 64-year-old age group and increased in prevalence in older patients. 11 The disease has been more prevalent in men than in women, but some recent studies suggest that this may be changing. One study showed that, in 2002, more than 33% of COPD patients were female, a figure that is likely to increase. 12 The women' s death rate due to COPD is also rising. According to a 2002 mortality and morbidity report, 13 during the period 1980-2000, the COPD death rate of women rose 2.8 times, from 20.1 to 56.7 per 100,000 women; this is compared with a more modest increase in the death rate for men, from 73.0 to 82.5 per 100,000 men. Meanwhile, in 2000, the number of women dying from COPD surpassed the number of men dying from the disease (59,936 women versus 59,118 men) for the first time.
Mortality, Morbidity, Economic and Human Burdens COPD often escapes diagnosis and treatment, and primary care physicians and patients underrecognize the large impact of this disease. 12, 13 In 2000, an estimated 10 million U.S. adults reported physician-diagnosed COPD. COPD represents massive and growing economic and social burdens in terms of mortality and morbidity. In 2000, COPD was the second leading cause of disability after heart disease. 14 In that same year, COPD was responsible for 8 million physician office and hospital outpatient visits, 1.5 million emergency department visits, 726,000 hospitalizations, and 119,000 deaths. 13 In 1997 in the United States alone, obstructive lung disease (i.e., chronic bronchitis, emphysema, asthma) was the fourth most common cause of death, accounting for more than 109,000 deaths. 13 By 2020, COPD is expected to rise from the fourth to the third leading cause of death. As shown in Figure 1 , this is largely because of a continuing reduction in mortality from coronary heart disease and stroke. 12 The economic burden of COPD is enormous. According to the National Heart, Lung, and Blood Institute, the direct total costs for COPD grew from $18 billion to $20.9 billion between 2002 and 2004, 2,14 a rise attributed to increased hospitalizations. In 2002, COPD was responsible for 1,763 million bed days and 57.5 million lost work days, making it the sixth worst disease for lost work days in the United States. 15 Exacerbations of respiratory symptoms are common and a primary contributor of morbidity, mortality, and costs of the illness. 16 As the disease progresses and exacerbations increase, the patients' health-related quality of life dramatically deteriorates 17 as they experience progressively worsening impairments in their ability to socialize, work, and even walk. Therefore, reducing exacerbations and improving life quality are two of the major outcome measures of treatment.
II Treatment of COPD: Differing Approaches

Nonpharmacologic Treatments
There are several nonpharmacologic treatments for COPD, many of which are adjuncts to pharmacologic therapy. Oxygen therapy, or the long-term administration of pure oxygen (>15 hours daily) is usually introduced in severe (Stage IV) COPD. 2 Ventilatory support may be administered in severe and end-stage patients. 2 Several surgical options are also used in more advanced cases of COPD. Bullectomy in selected patients can be effective for reducing dyspnea and improving lung function; lung-volume reduction surgery is still an unproven palliative procedure; and lung transplantation, indicated only for very advanced, end-stage COPD, has been shown to improve quality of life and functional capacity. 2 Pulmonary rehabilitation programs (PRPs) are specifically designed for patients with chronic lung disease. 18 PRPs focus on improving the quality of life for patients by adhering to a variety of objectives, such as disease education, coping methods, physical exercise strategies, and the importance of self-esteem. 18 While PRPs are recommended as an integral aspect of care for COPD, 19 these programs alone may not improve pulmonary measures. A longitudinal study of one PRP on health outcomes of 36 patients with COPD (FEV 1 < 60% predicted) 20 showed improvement in exercise endurance, reduced dyspnea and hospitalization/length of stay, and improved quality of life. However, in this study, objective measures of lung function (FEV 1 , FVC) or oxygen saturation did not improve during the 12 months following completion of the PRP.
COPD Treatment Algorithms American Thoracic Society (ATS) European Respiratory Society (ERS) Treatment Algorithm
There has been an increasing focus on treatment standards that incorporate pharmacologic agents with known efficacy. The ATS and ERS published a 2004 update to its treatment algorithm, which recommended step therapy on the basis of worsening symptoms (Figure 2) . 9 According to the ATS/ERS treatment guidelines, patients with intermittent COPD symptoms (coughing, wheezing, exertional dyspnea) should be treated with a short-acting bronchodilator or oral or inhaled anticholinergic agent. Patients with more persistent symptoms (dyspnea, night waking) are recommended for treatment with a long-acting brochodilator 2 plus additional reliever medications. If there is only a limited benefit to this approach, alternative classes of drugs or combinations of long-acting bronchodilators and inhaled corticosteroids are recommended. Because of its anticholinergic effects, theophylline is recommended as a third-line agent but is not favored because of the need for drug-level monitoring and certain drug-drug interactions.
Global Initiative for Chronic Obstructive Lung Disease (GOLD) Treatment Algorithm
The other treatment algorithm comes from the GOLD guidelines. 16 The goals outlined in the GOLD guidelines are to (1) prevent disease progression, (2) relieve symptoms, (3) improve exercise tolerance and health status, (4) prevent and treat complications and exacerbations, and (5) predicted), or the presence of chronic respiratory failure.
As shown in Table 1 , the GOLD treatment recommendation uses a step-therapy approach. At Stage 0, the patient should avoid risk factors and obtain an influenza vaccination. As the patient begins to develop mild COPD in Stage I, short-acting bronchodilators should be added. At Stage II (moderate) COPD, regular treatment with at least one long-acting bronchodilator and adjuvant pulmonary rehabilitation is recommended. At Stage III (severe), if the patient continues to have multiple exacerbations, an inhaled corticosteroid is added. By Stage IV (very severe), longterm oxygen therapy is required if there is chronic respiratory failure, and physicians should consider surgical therapy. By Stage IV, patients who need the surgery are often poorer surgical candidates because of significant heart strain and chronic anoxia.
Analysis of the Current Care Model of the COPD Patient: A Health Outcomes Assessment and Economic Evaluation
Algorithm for Pharmacological Treatment of COPD 
Bronchodilators
Bronchodilators are a central medication class for managing COPD. A patient' s symptom relief and adverse-event profile may help direct the type of bronchodilator therapy: anticholinergic, β-agonist, or theophylline. Bronchodilators are prescribed as needed or regularly to prevent or reduce symptoms. The longacting bronchodilators are more effective and convenient, but acquisition cost is more expensive. Rather than increasing the dose of a specific bronchodilator, it has been theorized that combining short-acting bronchodilators may improve efficacy and decrease the risk of adverse reactions by reducing the dose of one or both agents. 16 COPD is a long-term chronic condition that requires ongoing treatment. Reducing exacerbations can help to lower the costs of treatment. Two separate publications have demonstrated the costsavings potential of bronchodilators in treating COPD. Friedman et al. evaluated 2 double-blind, randomized, prospective studies with a total of 1,067 patients with COPD that compared inhaled ipratropium/albuterol combination therapy with either drug alone for the treatment of COPD. 21 Compared with albuterol alone, both the combination therapy and ipratropium alone decreased exacerbations by 33%, translating to a 24% lower cost in each group. The reduced costs resulted from reductions in add-on therapy and hospitalizations. As a result, the total cost of treatment over the duration of the study period was significantly less for ipratropium ($156 per patient) and ipratropium plus albuterol ($197 per patient) than for albuterol ($269 per patient). Increased costeffectiveness, defined as total estimated treatment cost per mean change in FEV 1 , was observed in both treatment arms containing ipratropium. A second study assessed the economic impact of combined inhaled bronchodilator therapy in treating COPD. 22 A total of 641 patients were treated with a combination of ipratropium and albuterol in one inhaler while 411 patients received both ipratropium bromide and albuterol in separate inhalers. Although patients using the combination inhaler did not differ in treatment outcomes from patients in the comparator arms, they realized a significant cost savings due to a difference in medication costs.
II Measuring Treatment Outcomes
COPD is a progressive disease with frequent exacerbations that deteriorate patients' ability to walk, participate in social activities, and work. Therefore, COPD management assessment must take into consideration improvements in exacerbations and hospitalization as well as other health-related measures such as quality of life and patients' self-assessments.
These measurements are important in assessing successful treatment outcomes and were demonstrated in 2 one-year, headto-head studies in patients receiving tiotropium 18 µg once daily (n = 356) or ipratropium 40 µg 4 times daily (n = 179). 23 Overall, tiotropium led to significant improvements in all of the primary study outcome measures. FEV 1 at one year improved by 0.12+/-0.01 L with tiotropium and declined by 0.03+/-0.02 L with ipratropium (P < 0.001). Significant improvement in PEFR, salbutamol use, Transition Dyspnea Index focal score, and the St. George' s Respiratory Questionnaire total and impact scores were seen with tiotropium (P<0.01). Also, tiotropium reduced the number of exacerbations by 24%, (P < 0.01) and increased time to first exacerbation (P < 0.01) and time to first hospitalization for a COPD exacerbation (P < 0.05) compared with ipratropium. The number of exacerbations per patient per year was reduced by 24%, and the number of exacerbation days was reduced by 39% for patients receiving tiotropium. The time to first exacerbation was significantly longer in patients receiving tiotropium. Finally, the proportion of patients hospitalized for a COPD exacerbation in the year-long study was significantly reduced in those receiving tiotropium.
While adjunctive therapies, such as pulmonary rehabilitation programs, can be helpful in controlling symptoms and improving quality of life, they do not improve lung function in patients with COPD. 19 To evaluate effective therapy, one must also examine costeffective therapy to make decisions based on patients' coverage and what would constitute appropriate therapy. Overall, decisions in managing COPD require a consideration of multiple outcome measures, including reductions in exacerbations and hospitalizations. Although spirometry remains the foundation for diagnosis and demonstration of drug efficacy, patients and their families may be more concerned with symptoms, quality of life, and prevention of exacerbations.
II Conclusions
COPD is a common disease that substantially affects patients and health care systems and is associated with increasing economic and social burdens. COPD ranks as the fourth leading cause of death in the United States, surpassed only by heart disease, cancer, and cerebrovascular disease. The disease is associated with Table 8 . 16 Avoidance of risk factor(s); influenza vaccination frequent and progressively worsening exacerbations, which are associated with high levels of morbidity and mortality. Despite the substantial burden of illness and the available treatment options, COPD continues to present challenges to patients and physicians. Physicians can help to increase awareness of the disease and increase their patients' understanding of treatment options and guidelines, particularly early in the course of this disease. Placebocontrolled trials and head-to-head comparison trials demonstrate the efficacy of tiotropium as a drug for the maintenance treatment of COPD.
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